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$H= \sum_{n=1}^{N}(\frac{1}{2}p_{n}^{2}+U(q_{n}))+\epsilon\sum_{n=1}^{N-1}\frac{1}{k}(q_{n+1}-q_{n})^{k}$ , (1)
$q_{n}\in \mathbb{R},$ $p_{n}\in \mathbb{R}$ $n$ $\epsilon\in \mathbb{R}$
$k\geq 4$ (1) $N$
(1)
$\epsilon=0$ (1) anti-continuous limit
$U$




$\alpha$ $\alpha=\pm 1$ $U$ $\alpha=+1$ $\alpha=-1$
(1)
$\ddot{q}_{n}+q_{n}+\alpha q_{n}^{k-1}-\epsilon(q_{n+1}-q_{n})^{k-1}+\epsilon(q_{n}-q_{n-1})^{k-1}=0$ (3)
(1) $\ovalbox{\tt\small REJECT}$ anti-continuous limit $(\epsilon=0)$
$\ddot{q}_{n}+q_{n}+\alpha q_{n}^{k-1}=0$. (4)




$U(\varphi)$ $\varphi=0$ (6) $a$
$\alpha=+1$ $a>0$ $\varphi(t;a)$ $\alpha=-1$
$0<a<a_{0}$ $a$ $\varphi(t;a)$ $a_{0}=|\alpha|^{-1/(k-2)}$
$\varphi(t;a)$ $T$ $a$ $\alpha=+1$ $T$ $a$
$\lim_{aarrow 0}T(a)=2\pi$ $\lim_{aarrow+\infty}T(a)=0$ $\alpha=-1$
$T$ $a$ $\lim_{aarrow 0}T(a)=2\pi$ $\lim_{aarrow a_{0}}T(a)=+$oo
$T$ $a$ $T^{-1}$ $\alpha=+1$ $T_{1}\in(0,2\pi)$
$T(a)=T_{1}$ $a\in(O, +\infty)$ $\alpha=-1$ $T_{2}\in(2\pi, +\infty)$
$T(a)=T_{2}$ $a\in(0, ao)$ $\alpha=+1$ $T\in(0,2\pi)$ ,




$\alpha=-1$ $T\in(2\pi, +\infty)$ (6) $T$- $\varphi(t;a(T))$
$\sigma=(\sigma_{1}, \ldots, \sigma_{N})\in\{-1,0,1\}^{N}$ (5) (1) $T$-
$\Gamma(t;\sigma, T)$ anti-continuous hmit $\Gamma(t;\sigma, T)$ (5) $q_{n}$
$p_{n}=\dot{q}_{n}$ $\Gamma(t;\sigma, T)=(q_{1}, \ldots, q_{N},p_{1}, \ldots,p_{N})$ $\Gamma(t;\sigma, T)$
$\sigma$ $N$ $\Gamma(t;\sigma, T)$
single–site DB mdti-site DB $\Gamma(t;\sigma, T)$
$\sigma=(\ldots, 0,1,0, \ldots)$ single-site DB $\sigma=(\ldots, 0,1, -1,0, \ldots)$
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$S_{p}^{N}=$ { $(\sigma_{1},$ $\ldots,$ $\sigma_{N});\sigma_{lp+i}=\sigma_{i}$ for even $l$ , $\sigma\iota_{p+i}=\sigma_{p+1-i}$ for odd $l$ , $i=1,$ $\ldots,p$ } (7)
$N=9,$ $p=3$
$S_{p}^{N}$ $(c_{1}, c_{2}, c_{3}, c_{3}, c_{2}, c_{1}, c_{1}, c_{2}, c_{3})$
$\in\{-1,0,1\},$ $i=1,2,3$ $N$ $\sigma\in\{-1,0,1\}^{N}$
) $\sigma\in S_{p}^{N}$ $S_{p}^{N}$ $\sigma$
$\sigma\in S_{N}^{N}$ 1 $\sigma$
$s(\sigma)$ $s(\sigma)$ symmetry index
1. $\sigma\in\{-1,0,1\}^{N}$ $N$ $p$ $\sigma\in S_{p}^{N}$ , $p’<p$ $N$
$\sigma\not\in S_{p}^{N}$ $s(\sigma)=p$
$\mathcal{A}$ $\mathcal{A}=\{1,2, \ldots, N\}$ $\mathcal{A}_{\sigma}$ $\sigma$
$\mathcal{A}_{\sigma}=\{n;\sigma_{n}\neq 0\}\subseteq \mathcal{A}$ $\sigma$ $m$
$\mathcal{A}_{\sigma}=\{n_{1}, n_{2}, \ldots, n_{m}\},$ $n_{1}<n_{2}<\cdots<n_{m}$ $\sigma$ $\sigma_{n_{i}}$
$\sigma_{n_{i+1}}$ $\Gamma(t;\sigma, T)$ 2
$\sigma_{n_{i}}=\sigma_{n_{i+1}}$ $\sigma_{n_{i}}=-\sigma_{n_{i+I}}$
$N_{I}(\sigma)$
$N_{I}(\sigma)=\{\begin{array}{ll}0 if m=1,\sum_{i=1}^{m-1}\frac{1}{2}|\sigma_{n_{i}}+(-1)^{L_{i}}\sigma_{n_{i+1}}| if m\geq 2,\end{array}$ (8)
$L_{i}=n_{i+1}-n_{i}$ $n_{i+1}$ $n_{i}$ $N_{I}(\sigma)$
$\sigma$ (i) (ii)
(i) $L_{i}$ (ii) $L_{i}$




$N_{II}(\sigma)=\{\begin{array}{ll}0 if m=1,\sum_{i=1}^{m-1}\frac{1}{2}|\sigma_{n_{i}}+\sigma_{n_{i+1}}| if m\geq 2.\end{array}$ (9)
$\sigma$
$m=1$ $m\geq 2$ $\sigma$
NII $(\sigma)=0$
[33]
1. $\sigma\neq 0$ , $s(\sigma)=p$ $\alpha=+1,$ $T\in(0,2\pi)$ , $\alpha=$
$-1,$ $T\in(2\pi, +\infty)$ $T\neq n\pi,$ $n\in \mathbb{N}$ $\epsilon_{c}>0$
$\epsilon\in(-\epsilon_{c}, \epsilon_{c})$ (1) $T$- $\Gamma_{\epsilon}(t;\sigma, T)$ $\epsilon$ $t$




1. $\sigma$ symmetry index $s(\sigma)=p$ $\sigma$ $N/p-1$
$\sigma$ NII $(\sigma)-N/p+1\geq 0$
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